To enable interlaboratory comparison at the national and international level, a standardized classification and definition of causes for report failures could be useful, and we suggest use of the proposed nomenclature.
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2 Department of Physiology, University of Murcia School of Medicine, 30071 Murcia, Spain; * address correspondence to this author at: C/Ctra. de Almodovar, 17, 2°E, 13500-Puertollano (Ciudad Real), Spain; fax 34-926-431668) In recent years, there has been a growing interest in the role of oxygen toxicity and free radical (FR) reactions in fertility potential (1, 2) . The generation of reactive oxygen species (ROSs) can produce peroxidative damage to cell membranes, and lipid peroxidation triggers the loss of membrane integrity (1) . Because polyunsaturated fatty acids and phospholipids of the human spermatozoa are highly susceptible to peroxidation, FRs generated by spermatozoa may be involved in the production of spermicidal cytotoxic end products. The production of abnormal concentrations of ROSs is now thought to be engaged in many aspects of human male infertility, in which spermatozoa are rendered dysfunctional by lipid peroxidation and altered membrane function, morphology, and motility (3) . Both seminal plasma and spermatozoa contain several antioxidant factors; however, these factors may be insufficient to prevent lipid peroxidation. The role of lipid peroxidation in FR damage to human sperm has been documented (1) (2) (3) . These studies present evidence indicating that human spermatazoa are capable of producing FRs and that loss of sperm function in certain cases of male infertility is associated with excessive activity of this FR generation system (2) . Because direct detection of FRs in vivo is difficult because of their high reactivity and short life, increases in lipid peroxides and/or decreases in antioxidant capacity have been used as indirect evidence of the involvement of FRs and as measures of the degree of oxidative stress (2, 4, 5) .
Nitric oxide (NO) is a pluripotential molecule that acts as both an autocrine and paracrine mediator of homeostasis, and derangement of its metabolism can be linked with many pathophysiological events (6) . Under conditions of oxidative stress, NO rapidly reacts with the FR superoxide anion (O 2 Ϫ ) to form an peroxynitrite anion (OONO Ϫ ). At physiological pH, OONO Ϫ decomposes into intermediates with reactivities similar to the hydroxyl radical (OH Ϫ ) and NO (7) . The reaction of OONO Ϫ with biological substrates is known to include the oxidation of reduced thiol (ϪSH) groups (8) . These interactions may contribute to cell injury, and therefore, measurements of the end metabolic products of NO and ϪSH may be relevant to better understanding the role of oxidative stress in sperm motility. Because of the importance of these indicator measurements, we undertook the current study to provide reliable reference intervals for human seminal plasma.
With the consent of our hospital's Clinical Research Committee we analyzed ejaculates from 100 adult subjects with normophysiological spermiograms (9) . None of the men had signs of genital tract inflammation, such as positive culture or signs of germ-free tract inflammation, varicocele, or cryptorchidism, and all were selected for absence of known organic disease and were carefully screened for infectious, malignant, and other serious disorders. The mean ages of the study participants was 34 years (range, 22-46 years), and all had similar life-styles and dietary habits.
Semen samples were collected in the laboratory by masturbation after 3 or 4 days of sexual abstinence, and semen analyses were performed after complete liquefaction at 37°C. Sperm count, motility, morphology, and viability were analyzed by standard methods (9) . The initial leukocyte concentration was Ͻ25 ϫ 10 7 /L in all samples; therefore, the FR contribution of neutrophils was very small (9) . After centrifugation (2500g) for 10 min in a centrifuge cooled to 4°C, seminal plasma was removed carefully. During the assay period, samples were stored at Ϫ80°C until analysis (usually within 30 days) in trace element-free tubes to maintain the stability of the seminal plasma samples and to preclude any in vitro lipid peroxidation.
Seminal plasma samples were analyzed in duplicate, and the absorbance was measured on a microplate reader (BioWhittaker Microplate Reader 2001). Interassay precision was determined using 20 assays over a 30-day period of seminal plasma from a control subject frozen at Ϫ80°C and thawed immediately before each analysis. Statistical analysis (mean, standard deviation, and KolmogorovClinical Chemistry 44, No. 10, 1998 Smirnov test) was carried out with the SPSS statistical package (SPSS Inc.). The results of lipoperoxides (LPOs), NO, ϪSH, and total antioxidant status were expressed as nmol/10 8 spermatozoa. LPOs were analyzed using the LPO-586 assay (Bioxytech ® , OXIS International; interassay precision, 4.98%). This assay is based on the reaction of a chromogenic reagent (N-methyl-2-phenylindole in acetonitrile), with LPOs at 45°C. One molecule of LPO reacts with two molecules of N-methyl-2-phenylindole in acid medium (methanesulfonic acid) to yield a stable chromophore with maximal absorbance at 586 nm. When the sample is mixed with reagents, most of the proteins precipitate, and the LPOs are simultaneously extracted. After sample homogenization and centrifugation, LPOs were measured as described above (10) .
The total antioxidant status was measured using a kit supplied by Randox Laboratories ® (interassay precision, 4.63%). In this assay, metmyoglobin reacts with H 2 O 2 to form the radical species ferrylmyoglobin. A chromogen (2,2Ј-azinobis-[ethylbenzthiazolinesulfonic acid]; ABTS ® ) is incubated with the ferrylmyoglobin to produce the radical cation species ABTS ®ϩ , which has a relatively stable blue-green color measured at 600 nm. Antioxidants in the added sample cause suppression of this color production to a degree that is proportional to their concentrations (11) .
The ϪSH (protein-bound and free content in plasma) was estimated spectrophotometrically by the method of Sedlak and Lindsay (12) , which is based on that of Ellman reagent [5,5Ј-dithiobis-(2-nitrobenzoic acid); DTNB], and the interassay precision was 4.56%. DTNB and reduced glutathione were obtained from Sigma Chemical Co. The NO end products in vivo are nitrite and nitrate, which are analyzed by the Nitric Oxide Colorimetric Assay ® (Boehringer Mannheim; interassay precision, 4.96%). In this assay, the nitrate present in the sample is reduced to nitrite by reduced NADPH in the presence of nitrate reductase and quantitated colorimetrically after the reaction with the Griess reagent (13).
The group of subjects studied here was a representative sample of the reference population, according to the IFCC guidelines (14). The distribution of LPO, total antioxidant status, ϪSH, and NO end product values in human seminal plasma sperm followed a gaussian frequency distribution, as verified by the Kolmogorov-Smirnov test. Aberrant values were excluded according to the IFCC guidelines (14). Semen characteristics and reference intervals expressed as mean Ϯ 2 SD are given in Table 1 .
The incidence of ROS formation by spermatozoa has not yet been established (3) . The plasma membrane of human sperm is highly susceptible to lipid peroxidation because of its high content of polyunsaturated fatty acids. Therefore, the massive ROS production by spermatozoa can cause oxidative changes to the membranes, including a loss of membrane integrity and fluidity (1). These factors, together with the capacity of these cells to generate FRs, render them particularly susceptible to oxidative stress. High concentrations of malondialdehyde production in fertile males who have low fertilization rates have been demonstrated (2, 3) . In addition, the reduction of these concentrations, using antioxidant therapy, correlated with the improvement of fertilization rates (3). In conclusion, these indicators can be used for the routine monitoring lipid peroxidation and oxidative stress in human seminal plasma sperm and as biochemical indices for sperm quality. Total homocysteine (tHcy) is a major risk factor for venous thromboembolism and atherosclerosis (1); hence, there has been an strong interest in developing the most robust methodology for its quantification (2). Reduction and derivatization followed by HPLC separation and fluorescent detection is the most widely applied technique (3). The most frequently used derivatizing agents are the halogen sulfonylbenzofurans [7-benzo-2-oxa-1,3-diazole-4-sulfonic acid (SBD-F) and 4-aminosulfonyl-7-fluoro-2,1,3-benzoxdiazole (ABD-F)] because of their good tHcyadduct stability and high HPLC resolution. In this study, we evaluated a new HPLC fluorescence assay (Bio-Rad ® Laboratories) that uses ABD-F as the derivatizing agent for quantification of tHcy. Less sample handling, faster reduction, and derivatization with optimized HPLC separation make this assay less laborious and thus improve specimen throughput. Using patient samples, we compared this ABD-F assay with an HPLC fluorescence assay that uses SBD-F as the derivatizing agent and with an enzyme immunoassay (EIA) method (Axis ® Biochemicals) that requires reduction and conversion of tHcy to S-adenosyl-l-homocysteine (SAH) before solid-phase competitive immunoassay that uses a monoclonal anti-SAH antibody.
All subjects underwent a Ͼ11-h overnight fast. Blood was collected in EDTA anticoagulant tubes cooled to Ͻ4°C, and the plasma was removed from the cells within 1 h in a refrigerated centrifuge (Ͻ10°C). Aliquots of plasma were prepared for each subsequent method and were kept at Ϫ20°C until analysis. The Axis EIA assay method was used with no modifications to the recently published protocol (4) . For the ABD-F assay, equivalent 50-L volumes of plasma and internal standard were mixed with 50 L and 100 L of trialkylphosphine and ABD-F, the reducing and derivatizing agents, respectively. Samples were then incubated at 60°C for 7 min and then at 4°C for 7 min, followed by trichloroacetic acid precipitation of plasma proteins. The supernatant was removed for HPLC analysis after centrifugation for 5 min at 10 000g. The chromatographic conditions were as follows: a Perkin-Elmer Liquid Chromatograph 85, a BioRad analytical reversed-phase C 18 column (70 ϫ 3.2 mm i.d.), 38°C, Bio-Rad mobile phase, isocratic flow rate of 0.7 mL/min, and an HP-1046 fluorescence detector, with the excitation and emission wavelengths of 385 nm and 515 nm, respectively, for detection of ABD-F thiols. Under these chromatographic conditions, internal standard and Hcy peaks were completely resolved from other thiolcontaining compounds with respective retention times of 2.90 and 3.67 min. The SBD-F HPLC assay used the method of Fortin et al. (5) , with minor modifications. Briefly, 240 L of plasma, 50 L of acetylcysteine (internal standard), and 30 L of tri-n-butylphosphine (reducing agent) were mixed and incubated at 4°C for 30 min. Plasma proteins were precipitated by the addition of 300 L of perchloric acid. After centrifugation, 50 L of the supernatant was derivatized with 50 L of SBD-F (Sigma Chemical Co.) at 60°C for 60 min. HPLC separation and fluorescent detection were as described above. For this assay, calibrators (0, 5, 10, 15, 25, and 35 mol/L) were prepared by addition of crystalline d,l-homocysteine (Sigma) to pooled patient EDTA plasma samples.
The imprecision data for the ABD-F, SBD-F, and EIA assays are shown in Table 1 . For the ABD-F and EIA assays, controls were assayed in duplicate daily for 21 days. For the SBD-F assay, pools of previously analyzed patient plasma specimens were assayed daily for 31 days. We assessed the linearity of the Bio-Rad ABD-F assay by serial dilution with Bio-Rad Assay Reconstitution Buffer of a high tHcy patient pool, which gave a linear relationship between expected (x) and actual (y) tHcy concentrations from 0.5 to 100 mol/L (r ϭ 0.99; regression line, y ϭ 1.03x Ϫ 0.68), with mean recoveries and tHcy concentrations ranging from 83% to 101%, respectively. The split sample comparisons used 95 patient samples submitted from cardiology and nephrology clinics for the evaluation of patients who have greater risk for increased tHcy concentrations. The mean difference between sample duplicates (assayed on 2 separate days) for the ABD-F, SBD-F, and EIA methods were 1.02, 1.16, and 2.12 mol/L, respectively. As shown in Fig. 1, A 
